Solute carrier family 7 member 11 (Slc7a11) codes for a cystine/glutamate xCT transporter and 21 can control production of pheomelanin pigment to change fur and skin colors of animals.
Introduction

34
The fur color of mammals mainly depends on melanin deposition, and melanogenesis is mainly 35 regulated by melanocytes. The production of different types of melanin by melanocytes, together 36 with different a distribution of these pigments, result in a variety of hair colors in mammals 37 (Slominski et al., 2004) . Related genes, such as TYR, TYRP1, ASIP, MITF, and CREB1, have 38 been found to regulate melanin deposition (Hartman and Czyz, 2015; Hida et al., 2009 ).
39
Previously, by using the transcriptome sequencing (RNA-Seq), a significant difference was found 40 in the expression of the Slc7a11 gene in the skin of rabbits with different fur colors. It was 41 speculated to be involved in fur pigmentation (Qin et al., 2016) .
42
In the melanogenesis pathway, both eumelanin and pheomelanin are derived from a common 43 precursor named dopaquinone (Ito, 2006) . Cystine or glutathione is required for the production of 44 pheomelanin, and it is xCT, the protein encoded by the Slc7a11 gene, that acts as a vector to 45 transport extracellular cystine into the cell and maintain normal intracellular glutathione levels.
46
Pheomelanin and eumelanin together form a mixed pigment that determines the skin and fur color 47 of animals (Kim et al., 2001; Sato et al., 1999; Shih and Murphy, 2001) . In the hair of Slc7a11 48 gene-mutated mice (sut), the level of pheomelanin was significantly decreased, while the 49 eumelanin level was substantially unchanged, so that the wild-type mice with yellow background 50 appeared gray (Chintala et al., 2005) . The sut mutation results in a huge deletion in the Slc7a11 51 gene, but similar deletions could not be found in this region of Rex Rabbits with six different fur 52 colors, namely black (BL), chinchilla (CH), white (WH), brown (BR), protein yellow (PY), and 53 protein chinchilla (PC) . SNPs in the exon region of Slc7a11 were also scanned, but no mutation 54 site was found. This indicates that Slc7a11 is highly conserved in the population (data not shown).
55
Currently, studies on the functions of Slc7a11 mainly focus on its important roles in cell 56 proliferation (Liu et al., 2007) , oxidative stress response (Bridges et al., 2001) , and Alzheimer's 57 disease target treatment (Qin et al., 2006) . Research studying its regulatory mechanisms is 58 focused on microRNAs affecting cancer development and apoptosis by targeting and regulating 59 4 Slc7a11 (Liu et al., 2007; Wu et al., 2017) . Few studies regarding melanin deposition have been 60 reported.
61
To explore the molecular regulation mechanism of Slc7a11 in the melanin deposition of Rex 62 Rabbit fur, rabbit melanocytes were isolated and identified. The expression pattern of Slc7a11 in 63 Rex Rabbit with different fur colors was analyzed. Further, it's verified that POU2F1 had an 64 important regulatory role in the transcriptional activation of the Slc7a11 gene promoter. This 65 result provides a theoretical basis for further analysis of the deposition mechanism of the fur 66 pigmentation as well as for the transformation of fur color in animals.
67
Materials and Methods
68
Primary separation and culture of rabbit melanocytes
69
Rabbit was injected with anesthetic on the back, and a piece of the back skin (1.5 cm x 1.5 cm) 70 was dissected. Any particles on the skin surface and subcutaneous connective tissue were 71 removed. The skin sample was digested with 0.25% DispaseII enzyme digestion solution (Sigma) 72 for 14-16 hours at 4 °C. The epidermis was gently peeled off from the dermis, cut into small 73 pieces, and digested with 0.25% trypsin (Gibco) for 8 minutes at 37 °C. The sample was then 74 filtered through a 200 mesh filter and the supernatant discarded. The cells were resuspended in 75 M254 medium (Gibco) and incubated at 37°C in a 5% CO2 incubator. The cells were digested 76 with 1 mL of 0.25% trypsin and subcultured.
77
DOPA staining
78
Melanocytes in the logarithmic growth phase were used to prepare sterile cell culture slides. The 79 inoculated 24-well plates were cultured for 3 days and treated with 1 mL of 4% paraformaldehyde (Table S1 ). The full-length cDNA sequence of the 97 Slc7a11 gene was assembled based on known sequences and 5' and 3' RACE results, and 98 submitted to NCBI (Accession no.: KY971639.1). The Slc7a11 cDNA was reconstructed into the 99 pEGFP-N1 vector with restriction enzymes HindIII and SacII. 
106
Real-time PCR
107
Real-time PCR was carried out using GAPDH as an internal reference. The fluorescent 108 quantitative primers for the detection genes are shown in Table S3 , and each sample was repeated 109 3 times. The relative expression of the target gene was calculated by the 
113
Simple Western analysis 114
The pre-cooled RIPA lysis buffer (Sigma) was mixed with PMSF (with a final concentration of 1 115 mM) and added to the tissue or cell samples, which were centrifuged at 10000 rpm for 5 minutes 116 at 4°C. The supernatant was discarded and the total protein obtained. Simple Western analysis 117 was performed using the Wes Simple Western (Protein Simple) 
123
Determination of melanin level 124
The cells were lysed with 1 mL 0.2 mol/L NaOH. The cell lysate was collected and incubated at 125 37 °C for 2 hours. Wavelength measurement was performed at 475 nm using a microplate reader.
7
The standard curve was plotted using the Melanin synthetic standard (Sigma). Each group was 127 repeated 3 times, from which the melanin level was calculated.
128
Luciferase vector construction and reporter assays 129 Promoter-specific primers were designed using O1igo7 (Table S4) 
137
Electrophoresis mobility shift assay (EMSA)
138
The nuclear proteins of melanocyte were extracted and the concentrations determined. Based on 139 the binding sequence of POU2F1, normal and mutant probes were designed (Table S5 ) and 140 biotinylated at the 5' end. The EMSA reaction system was formulated as shown in Table S6 . The 141 cold-competitive EMSA reaction system is shown in 
147
The results are presented as mean ± standard deviation (SD) at two levels of significance, P < 148 0.05 and P < 0.01. 149 8
Results
150
Separation and identification of rabbit melanocytes
151
The back skin of black Rex Rabbits was collected and cells separated by a two-step enzyme 152 digestion method. After 12 hours of isolation, the keratinocytes were observed with a 153 cobblestone-like appearance and accounted for the majority of cells. The melanocytes, which had 154 the unique bi-polar dendritic morphology, were small in number. However, as cells grew, the 155 keratinocytes gradually died out, the melanocytes continued to divide, and the cell culture became 156 purer. When the cells were passed to the third generation, the keratinocytes were almost absent.
157
The melanocytes were dominant with special growing follicles and strong refraction (Figure 1a ).
158
The shades of color, suggesting Slc7a11 was widely expressed (Figure 2b) . It was found that the 174 expression level of the Slc7a11 gene was highest in skin with PY color, which was 3.7 times that 175 seen in WH. The differences between PY and WH, as well as between PC and WH, were 176 significant (P<0.01) (Figure 2c) . Wes system analysis showed that the Slc7a11 protein was 177 expressed in all skin tissues. The protein expression level was the highest in PY skin, and the 178 lowest in the WH (Figure 2d ). The expression levels of mRNA and protein of Slc7a11 in Rex
179
Rabbit skin with different fur colors showed a significant positive correlation (R=0.874, P<0.05).
180
Effect of Slc7a11 gene expression on melanin deposition
181 In order to further analyze the mechanism of the Slc7a11 gene in melanogenesis, Slc7a11 siRNA 182 interference and overexpression were performed in melanocytes, and RT-PCR and Wes were used 183 to detect mRNA and protein expression levels of pigment-related genes such as MITF and TYR.
184
The results showed that siRNA-2 and siRNA-3 interferences were significantly lower than that of 185 the blank group (P<0.05), and siRNA-3 had the best effect (Figure 3a, 3b (Figure 5b ). However, the activities of 214 P5 and P6 were comparable but significantly lower than that of P7, indicating that the activity 215 was significantly reduced with the deletion of the -769 to -619 bp region (P<0.05) (Figure 5c ), 216 suggesting that -769 ~ -619 bp is the core transcription region of Slc7a11. The predicted POU2F1 217 binding site (-713 to -703 bp) was found in the -769 to -619 bp region (Figure 5d ). It was found 218 that the promoter activity of Slc7a11 was significantly increased after the site-directed mutation 219 (P<0.01), indicating that POU2F1 inhibited the promoter activity of Slc7a11 (Figure 5e ). 
235
Discussion 236 Fur color is controlled by different genes in the process of pigment biosynthesis. The differences 237 in color are mainly due to the different ratios between pheomelanin (red and yellow) and 238 eumelanin (black) (Barsh and Cotsarelis, 2007; Ito and Wakamatsu, 2008; Ito et al., 2000) . The 239 main model currently proposed is that the ratio of eumelanin/pheomelanin in mammalian 240 pigments is solely or indirectly regulated by the activity of tyrosinase -the rate-limiting enzyme 241 of melanin synthesis (Wagner et al., 2001) . This model inferred that in the presence of low 242 concentrations of tyrosinase, dopaquinone reacts with cysteine to produce cysteine dopa, thereby 243 increasing the level of pheomelanin (Ito, 2003) . However, this pattern is not yet fully understood.
244
Studies have confirmed that the xCT transporter encoded by the Slc7a11 gene is crucial for the 245 regulation of pigments and can directly affect the increase of pheomelanin (Chintala et al., 2005) .
246
Based on previous studies, Rex Rabbits with a variety of natural fur colors were used to explore 247 the expression pattern of Slc7a11 gene in dorsal skin tissues with different fur colors. xCT was 248 12 expressed in the epidermis, hair bulb, and hair root-sheaths of the skin tissues examined by 249 immunohistochemistry. It is known that melanocytes in the skin are often distributed in different 250 regions when matured and that the only place where melanin can be supplied to the hair shaft is 251 the hair bulb (Slominski et al., 2005; Tobin, 2011; Tobin et al., 1999) . In this study, it was found 252 that the expression sites of the Slc7a11 gene were consistent with the distribution of melanin, 
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